The Output of the Heart in dogs", Stewart, The American : As Sr., w w . E. Journal of Physiology, vol. 57, 1921, pp. 27-50. The present invention relates to a diagnostic catheter for insertion into the bloodstream of a patient, and more particularly, to a diagnostic catheter with an integral memory device which contains factory calibration and factory iden tification information, software program segments, patient specific calibration information, historical information and the like which is not lost when the catheter is disconnected from its associated display device.
2. Description of the Prior Art Diagnostic catheters have been constructed in various configurations and used in medicine for a multitude of purposes. Such catheters are designed to reside within lumens, chambers, orifices and tissues of various organs, including arteries, veins, the heart and the like. Medical catheters have been used as conduits to either infuse fluids or drugs or as conduits for connecting intra-vascular or organ fluids to transducers for measuring pressure, flow, temperature, oxygen saturation and the like. Catheters have also been used to assistin blood circulation as described, for example, by Rishton et al. in U.S. Pat. No. 3, 720, 199, which relates to an intra aortic balloon catheter assembly which is implanted in the descending aorta and connected to instru mentation to inflate/deflate the balloon synchronously with the cardiac cycle.
Medical catheters also have been constructed such that transducers can be mounted directly on the catheter, either at the tip, on the surface, or within the catheter body, for measuring physiologic parameters and sending the informa tion directly to a monitor or display device. Such transducers include catheter mounted thermistors for measuring temperature, pressure transducers for measuring hydrostatic pressure, and oximeters for measuring blood oxygen satu ration.
However, for particular catheter-mounted transducers, certain errors are present. Some errors are inherent in the design of the transducer; some are caused by variations in the transducer as a result of manufacturing processes; some are caused by changes in the transducer due to aging or use; and some are patient specific. Although such errors can be measured, several practical problems arise. For example, although design or manufacturing errors can be measured for each individual transducer, that information must be conveyed to either the end user or to a monitor or measuring device so that the errors may be compensated. the transducers may be contained on the catheter, other prior art catheter sensors utilize a memory unit which is connected to the sensors and to signal processing circuitry. For example, Meinema describes in U.S. Pat. No. 4,858,615 an integral sensor and memory combination unit where infor mation regarding the characteristics of the sensor or sensor memory combination are permanently recorded in the memory and the sensor and memory are indissolubly coupled together. The recorded information (such as data for linearizing the sensor outputs) is automatically read and retrieved by separate electronic processing circuitry. However, the system of Meinema is described only for transducers which receive naturally occurring physiological parameters and is not described for use with transducers which measure responses to energy or outputs from other introducing type transducers. In addition, Meinema corrects the transducer responses for both amplitude and offset and is concerned only with displaying a corrected physiological parameter. As a result, Meinema does not consider correct ing or modifying the transducer for calculation, estimation, or computation of derived measurements. Furthermore, Meinema gives no consideration to correcting, modifying, compensating for energy, indicating or delivering substances via introduction transducers. It is thus desirable that sensord memory systems of the type taught by Meinema be expanded to include the above-mentioned capabilities as well as other capabilities to be described in the following detailed description of the invention.
Non-catheter based measuring systems frequently have provided correcting means comprising memories for storing correction data. For example, Hata describes in U.S. Pat. No. 4,418,392 a measuring device having a measurement cor recting module with a memory unit for storing correction data which is used to correct digitized transducer data. However, this system requires the measured data to be altered at the analog to digital converter. It is desired that such modifications of the raw data be avoided to ensure accuracy. Similarly, Bailey describes in U.S. Pat No. 4446, 715 using correcting means responsive to calibration means for correcting the measured physical variable. This is done for pressure transducers which are not catheter based by using information from a ROM (Read Only Memory) to correct the transducer output without any incorporation of the information into a microprocessor program. However, as with the system of Hata, this system requires the raw data to be modified.
Other disclosures directed to calibration of non-catheter based sensors using a memory device include U.S. Pat. No. In addition, although errors which arise once the trans ducer is in use, either because of aging or other processes of the transducer or because of patient physiological variations, 5,720,293 3 can be measured by in vivo or patient calibration tests, again the results must be retained by the measuring device or monitor for display to the end user. Moreover, a more serious problem is that the transducer, once inserted in a patient, cannot be removed. Rather, the inserted transducer must move with the patient. Nevertheless, when the patient is moved from one critical care environment to another, such as from the operating room to the intensive care unit, the monitoring equipment is often not moved, but rather the catheter is disconnected from the original monitor and reconnected to another monitor in the new location. Such disconnection typically results in the loss of transducer specific or patient specific information or requires the opera tor to re-enter the information, resulting in increased work, frustration, and reduction in quality of patient care.
Another problem for catheter manufacturers is that gen erally the catheter is relatively simple in proportion to the complexity of the computing, calibration and display devices, yet the profits are made from the sale of the catheters, not the monitors. As a result, even though a manufacturer may develop, manufacture, and sell the cath eter and display device as a system, the catheter can be easily replicated by a competitor and manufactured and sold with out the display device, resulting in a significant loss of profits for the original manufacturer. This can be somewhat prevented if the catheter and display device have some mechanism by which a competing manufacturer may be prevented from copying the catheter alone and selling it in place of the original catheter. A suitable mechanism of this type is desired.
Previous inventors have addressed this problem by designing various types of devices for encoding transducer factors for calibration. For example, Houvig in U.S. Pat. No. 4 .303.984 places in a common connector a ROM, shift register and other sensor electronics powered by a power supply which is also included in the same connector. In the Houvig device, when the ROM information is desired, the information is "clocked" from the ROM and is combined or superimposed onto the raw sensor electronics. However, such an arrangement is unduly complicated and expensive for use in a diagnostic catheter of the type to which the present invention is directed. A simpler and less expensive alternative is desired. Accordingly, it is desired to provide a catheter with memory which can overcome the above-mentioned prob lems by retaining the information specific to factory calibration, patient specific calibration data, historical patient data and the like. It is also desirable that this information be coded to prevent unauthorized access. The present invention has been designed to meet these needs.
SUMMARY OF THE INVENTION
The above-mentioned and other problems of the prior art are resolved in accordance with the present invention by providing a catheter apparatus with an integral memory for retaining information specific to factory calibration, patient calibration data, patient historical data, encoded data and the like. For example, a presently preferred embodiment of the invention relates to a multilumen flow directed pulmonary artery catheter which has associated therewith one or more transducers for measuring different transducer and physi ological parameters of the patient when the catheter is placed in various vessels, lumens, bladders, orifices, cham bers and other body spaces of the patient. Such a system is described by way of example in the aforementioned parent application for use with the processing circuitry of U.S. Pat. assigned to the same assignee as the present invention. In accordance with the techniques set forth in these patent applications, several parameters are measured, such as tem perature (using a thermistor or thermocouple), cardiac out put (which requires the transfer of indicator from a trans ducer such as a heater filament to the flowing blood and the measurement of the response at the distal thermistor) and oxygen saturation or oximetry (which requires the transmis sion of two or more appropriate wavelengths of light into the blood or tissue and the detection of light reflection/ absorbance). Accordingly, preferred embodiments of the invention will be described for use with such devices.
In particular, the present invention relates to a device for gathering physiological data from a patient and supplying the gathered data to a processing system. Preferably such a device in accordance with the invention comprises at least one transducer for directly measuring physiological param eters of the patient or measuring an amount of a parameter indicative of a physiological condition of the patient, and a memory which resides at a predetermined location with respect to the at least one transducer. Preferably, the memory contains calibration information for calibrating the trans ducer and patient specific information which can be accessed by the processing system to which the device is connected for processing. Preferably, the memory is selected such that disconnection of the device from the processing system does not cause values stored in the memory to be lost so that the patient specific information need be reentered into the memory when the device is reconnected to the same or another processing system. Also, in order to prevent piracy, it is preferred that the stored data be encoded.
Preferably, the device of the invention is a catheter assembly and the transducers are disposed on or about the catheter. The memory of the invention may be disposed at different locations within the catheter assembly. For example, the memory may be disposed within the body of the catheter, in an area adjacent one of the transducers or in a connector connected to a proximal end of the catheter assembly for allowing at least one transducer of the catheter to communicate with the processing system, which may be a conventional external. processing system or computer. Such a connector preferably comprises leads which are connected to the memory so as to allow access to contents of the memory by the external processing system connected to the catheter.
The catheter of the invention may be of different types and may include transducers of different types. For example, the catheter may be designed for single patient use or multiple patient use. Also, the transducers of the catheter preferably comprise a first transducer for introducing energy or a physical indicator into a physiological medium of the patient and a second transducer for directly measuring physiological parameters of the physiological medium in response to the energy or physical indicator which has either passed through the physiological medium or passed directly from the first transducer to the second transducer.
In a particular embodiment, the first transducer may be a heating element and the second transducer may be either a thermistor or a thermocouple for measuring temperature changes in the physiological medium caused by the heating element. In this embodiment, the heating element is prefer ably made of a thin, flexible material which may be wrapped either on the exterior of the catheter body wall and then covered by an external sheath material so that the heating element material is not exposed to the blood or on the outer surface of a supporting sheath inserted into the catheter 5,720,293 5 lumen. During use, the heating element temperature is preferably measured simultaneously with the thermodilution measurement without the use of a second measuring trans ducer. The heating element temperature is not measured to calculate velocity, but rather to insure that a safe heating element temperature may be maintained. This is accom plished in one embodiment by forming the heating element of a material which has a resistance proportional or inversely proportional to its temperature.
On the other hand, the first transducer may supply thermal energy, ultrasound or electromagnetic energy to the physi ological medium and the effects thereof on the physiological medium may be measured by the second transducer for use by the external processing system to measure blood flow, cardiac output and/or flow of another physiological sub stance of the patient. In addition, the first transducer may supply optical energy to a physiological medium of the patient and the effects thereof on the physiological medium may be measured by the second transducer for use by the external processing system to measure oxygen saturation, oxygen tension (PaO2), pH level. PCO concentration, elec trolyte concentration (e.g., sodium, potassium, chloride, bicarbonate and glucose) and the like. However, the detec tion transducers used in accordance with the invention may measure naturally occurring substances, parameters, or other physiological events which have not been supplemented with an energy or other type of introduction transducer such as a temperature, pressure, or ion concentration transducer. Accordingly, the technique of the invention is not limited to use with heat (temperature), optical energy or indicator type transducers.
In accordance with another aspect of the invention, the connector leads are connected such that the external pro cessing system can write calibration information to the memory of the catheter during operation for in vivo cali bration. This information may then be used during process ing of the detected data to make necessary corrections or modificiations to the transducer outputs or the subsequent computations using the raw information received from the transducers.
During operation, the external processing system may access the patient specific information in the memory via the connector leads so that the memory may provide historical patient information to the external processing system for display as trending data of the patient. This information is maintained such that even when the catheter assembly is disconnected from the external processing system the patient's historical data can be later retrieved when the catheter assembly is reconnected to the same or another external processing system. For this purpose, the catheter assembly may further comprise a battery located in prox imity of the memory for providing power to the memory when the memory is not connected to the external process ing system. In addition, the calibration information and patient specific information are preferably encoded in accor dance with a proprietary code stored in the memory. This proprietary code may then be read by the external processing system to determine whether the catheter assembly is sup plied by a particular manufacturer prior to conducting fur ther processing. Preferably, the proprietary code is a binary code stored in the memory and is accessed by the external processing system and used thereby to decode the encoded calibration information and encoded patient specific infor mation.
In preferred embodiments of the invention, the catheter may be either an intra-arterial catheter, an intra-venous catheter, an intra-chamber catheter, an intra-orifice catheter, an intra-cavity catheter or an organ contact catheter. On the other hand, the memory of the invention may also be used in non-catheter applications such as topically applied sen sors including pulse oximeters, transcutaneous oxygen elec trodes and the like.
In one preferred embodiment, wherein the catheter has a heating filament and a temperature detecting means, cali brating means are provided for calibrating both the heating filament and the temperature detecting means. Preferably, the calibrating means comprises a Read Only Memory (ROM) contained within the catheter member for storing calibration information for either or both the heating fila ment and the temperature detecting means, as well as any other necessary information. Preferably, the ROM is located at the proximal end of the catheter and includes calibration information relating to heating filament resistance at a given temperature, heating filament heat transfer efficiency, tem perature coefficient of resistance and thermistor information. Moreover, the ROM may be connected to a cardiac output computer so as to pass a program segment, stored in the ROM, of a program used by the cardiac output computer to calculate cardiac output of the patient, whereby calculation of the patient's cardiac output cannot commence until the cardiac output computer is connected to the ROM and the program segment transferred to the cardiac output computer.
In accordance with yet another aspect of the invention, the memory may further contain catheter identification infor mation including manufacture date, batch number, steriliza tion date, expiration date, catheter transducer number and type, manufacturer's name and address and any other unique identification or process information. In addition, the memory may also contain a computer program, a computer program segment, a software subroutine and computer memory addresses which can be read by the external pro cessing system and used thereby to verify, correct, or modify the processing of the catheter transducer information. In such an embodiment, the software of the catheter memory and the external processing system together form a unique software combination such that system operation cannot occur without the two software pieces together. This assures that only catheter memories programmed by particular manufacturers can be used with a particular processing system. For this purpose, the memory may further contain a proprietary code which is read to determine whether the catheter assembly is supplied by a particular manufacturer.
BRIEF DESCRIPTION OF THE DRAWINGS
The above and other objects and advantages of the invention will become more apparent and more readily appreciated from the following detailed description of the presently preferred exemplary embodiment of the invention taken in conjunction with the accompanying drawings, of A system with the above-mentioned beneficial features in accordance with presently preferred exemplary embodi 5,720,293 7 ments of the invention will be described below in detail with reference to FIGS. 1-5. Although the present invention is described for use with a thermodilution catheter in the preferred embodiment, it will be appreciated by those of ordinary skill in the art that the description given herein is for exemplary purposes only and is not intended in any way to limit the scope of the invention. All questions regarding the scope of the invention may be resolved by referring to the appended claims.
In a preferred embodiment, a thermodilution catheter has a heating filament which resides internal to the catheter body, either in a preformed catheter lumen or beneath an outer sheath, and which preferably does not directly contact the blood. The heating filament is preferably made of a thin, flexible material which may be wrapped either on the exterior of the catheter body wall and then covered by an external sheath materialso that the heating filament material is not exposed to the blood or on the outer surface of a supporting sheath inserted into the catheter lumen. The heating filament so designed supplies a quantity of heat to the flowing blood which is used for measuring the volumet ric blood flow using an indicator dilution equation. In a preferred embodiment the heating filament is comprised of a material having a high temperature coefficient of resistance, whereby resistance of the heating filament is inversely proportional to its temperature (i.e., it has a negative temperature coefficient of resistance). This aspect of the invention enables power to the heating filament to be reduced when resistance of the heating filament exceeds a predetermined resistance amount, which is reached when the temperature of the heating filament reaches approximately 52 C. A material suitable for the heating filament thus has a temperature coefficient of resistance greater than 0.001 O/O-C. Also, such amaterial preferably has a low thermal capacitance and high thermal conductivity. Preferred heating filament materials include an alloy of approximately 70% nickel and 30% iron and an alloy of approximately 29% nickel, 17% cobalt and 54% iron.
During operation, since the heating filament formed as described above is used primarily to insert heat into the blood stream, it will rise to a temperature higher than the surrounding environment. Thus, it is necessary to know the filament temperature since, should the temperature become excessive, damage could result to the surrounding blood and tissues. Normally, a second temperature sensing device such as a thermistor orthermocouple would need to be embedded next to the filament to measure its temperature. However, by using a filament material which has a high temperature coefficient of resistance as herein described, not only can it be used as a heat supplier, but it can also serve as its own temperature sensing device. For example, resistance of any material is measured as follows: A where p is the resistivity, l is the length, and A is the cross-sectional area. Then: and if ol, the mean temperature coefficient of resistivity, is defined as: When a thermodilution catheter in accordance with the invention is connected to a cardiac output computer via a heater connector, an electrical current is applied to the heating filament in the form of pulses. When the heating filament is activated, an approximate average of 7.5 watts of power may be delivered to the heating filament. During operation, as described above, the cardiac output computer may continuously measure and monitor the filament tem perature so as to limit the peak filament temperature to a maximum of 52 C. (which corresponds to a peak surface temperature of about 48° C. and an average surface tem perature of about 44° C., depending upon the material composition and thickness). For example, in the event the heating filament temperature exceeds 52°C. for more than, say, 15 seconds at full power, the delivered heating filament power is reduced. Then, if the heating filament temperature exceeds 52° C. for more than, say, 15 seconds at reduced power, the heating filament power may be shut off and a panel alarm activated. This prevents the peak surface tem perature from exceeding 48° C. Moreover, the average catheter surface temperature should not exceed 44° C. since the power will be switched "ON" approximately 50% of the time. Furthermore, if the average cardiac output exceeds 3.5 liters/minute, the catheter's average surface temperature will generally remain below 44°C. Thus, regulation of power to the catheter only becomes an issue when the cardiac output becomes less than about 3.5 liters/minute. However, since the power to the heating filamentis reduced or shutoff as the filament temperature reaches 52°C., the heating element of the invention can be made relatively fail-safe through closed-loop control of the surface temperature. By using a power source which is a constant voltage source, an increasing catheter filament temperature can be directly detected as an increasing filament resistance which reduces the power delivered to the heating filament. In this manner, the actual current and voltage to the catheter fila ment may be continuously monitored. From the values of current and voltage, a delivered power may be calculated which is needed to calculate flow, and the filament resistance may be calculated and used for computing the filament temperature. Thus, at all times, the actual filament tempera ture is known.
In the calculation of cardiac output using a thermodilution catheter and an associated processing system, it is necessary to know certain properties about the measuring transducer, such as a thermistor or thermocouple, and the heat applica tion or heating filament efficiency, for in the manufacturing process it is difficult to produce either thermistors or ther 9 mocouples or heating filaments which uniformly have the same properties. Thus, to reduce the errors which would be introduced into the calculation of cardiac output due to these variances, it is necessary to calibrate or measure the physical properties of both the thermistor or thermocouple and the heating filament. Since in a clinical environment each car diac output computer may be attached over time to various pulmonary artery catheters and to eliminate the need for the user to manually transcribe these calibration numbers to the computer, a coding technique has been developed in accor dance with the invention to pass the calibration information.
Prior The calibration circuitry of the type just described can be seen by way of example in FIG. 1. As should be apparent to one of ordinary skill in the art, the calibration circuit of FIG. 1 is quite different from that used in typical prior art thermodilution catheters. In particular, classic thermodilu tion catheters use calibration resistances which are con nected to form one-half of a bridge circuit with the ther mistor or thermocouple. In such devices, the reference resistor is selected to match the thermistor or thermocouple for a standard temperature. In this manner, compensation for variability in the thermistors or thermocouples may be achieved. However, by using the calibration circuit of the invention whereby a RAM or ROM containing calibration data is included within the connector of the catheter, such a reference resistor for calibration purposes is not needed.
Such a memory for use with a thermodilution catheter 100 is shown as memory 102 of connector 104 in FIG. 1 .
Preferably, the software module referred to above is stored in the memory 102 and includes such things as the format version for the calibration data, trademark information, historical patient data (such as cardiac output for the previous several hours) or whatever information is desired for controlling the cardiac output program. Thus, by placing the encoded calibration data within the memory 102 and placing the memory 102 on the catheter 100, the reference resistance 106 for the thermistor or thermocouple 108 may be eliminated. In addition, only a catheter having a memory 102 storing the necessary information for oper ating the program of the cardiac output computer may be used in conjunction with the cardiac output computer to obtain the desired calculation.
Thus, the purpose of the present invention as illustrated in FIG. 1 is to disclose a method of enhancing the performance of a catheter or catheters such as those described in the aforementioned related application by retaining factory calibration, factory identification, computer or monitor spe cific software program segments, patient specific calibration information, and patient historical information in the cath eter which is not lost when the catheteris disconnected from the computer, monitor or other display device, as when the patient is moved.
In particular, the catheter of the invention contains in the body, connector, or some other aspect of the catheter a memory 102 which can be accessed by any of a variety of means when the catheter is connected to an external pro cessing device such as a cardiac output computer. The memory 102 is either of a volatile or nonvolatile type such that when the memory 102 is not connected to the external processing device the memory contents are not lost. In addition, the external processing device is preferably allowed, when connected to the catheter 100 and conse quently to the memory 102, to address any byte of the memory 102 and to either read or write to the byte at that address. In addition, the relevant information can be written to the appropriate address of the memory 102 during the portion of the manufacturing process during which the calibration data is measured.
In a preferred embodiment of the invention, different segments of the memory 102 may contain any or all of the following information segments:
1 Of course, in view of the present disclosure, those skilled in the art will appreciate that other desirable information may be kept in the memory 102 as well.
The present invention will now be described in more detail with respect to FIGS. 2-5.
FIG "memory organization". As would be apparent to one skilled in the art, although only one address or "clock line" is shown, any number of lines can be used. Also, as shown in more detail in FIGS. 3 and 4, the address and data lines preferably go to a connector 300, and these address and data lines may be shared with other transducer's lines, which in the case illustrated are filament heater lines. FIGS. 3-5 illustrate in more detail the catheter connector 300 of the invention. As shown, the memory or chip 102 is mounted in the proximal end of the catheter at the connector 300. Connector pins 302 are attached to the pins of the memory chip 102 so as to allow the memory 102 to be accessed by an external processing device when the catheter connector 300 is plugged into the external processing device either directly or via a connecting cable. The catheter assembly may further include a connector cover 400 as shown in FIGS. 4 and 5 to protect the memory chip 1 102 from damage. As noted above, in a preferred embodiment of the inven tion the memory 102 is a CAT93C46 1 Kbit serial EEPROM. A CAT93C46 memory device is organized in 64 registers of 16 bits (ORG pin at VCC) or 128 registers of 8 bits each (ORG pin at GND). Each register can be written or read serially by using the DI or DO pins. The CAT93C46 memory device is desirable since it is a CMOS EEPROM with floating gates, operates at 700 Khz, and is designed to endure 10,000 erase/write cycles and a data retention of 10 years. However, those skilled in the art will realize that other memory devices will satisfy the characteristics of the present invention.
The allocation and use of memory 102 will now be described. In particular, the algorithm used to encode and decode the data stored in the EEPROM of several models of thermodilution catheters will be described.
As noted above, the purpose of encoding the data in the catheter EEPROM is to make it more difficult to copy or counterfeit the catheters in which the present invention is used, such as the catheters described in the parent applica tion. For this purpose, an algorithm is used to encode selected bytes of data within the catheter EEPROM. For example, in a preferred embodiment the first two (2) bytes of data in the EEPROM need not be encoded. This allows the software of the external processing device to read the security code in those bytes. This code is the basis of an encrypting/decrypting key for the remainder of the stored data. Several other bytes also need not be encoded (such as bytes 02 through 07) and preferably contain product infor mation such as model number and serial number and the like which may also be read by the software of the external processing device. The remaining bytes are encoded and are initialized to contain the manufacturer's copyright notice and checksums (arithmetic 8-bit sums) which may be used by the security algorithm as shown in TABLE 1 below.
The following algorithm is preferably utilized to encode or decode the stored data. First, the security code is read from bytes 00 and 01. This code may be, for example, 0314 Hex, but any 16-bit value is possible. The checksumin byte 127 is then read and ANDed with the security code. This result is then ANDed with the complement of the security code and shifted right four places. This forms the encryption/decryption key. The data to be encrypted or decrypted is exclusive-ORed, on a word basis, with the key. The above may be illustrated by a simple C code expression as follows: data =(security code & cKsum) & security code)>>4; Also, the information related to factory calibration of the catheter filament is preferably stored and read from byte 08. Of course, those skilled in the art will readily appreciate that many other types of known encoding schemes may be used. For example, the proprietary code may also be encrypted in accordance with the invention.
The data in a preferred embodiment of memory 102, after initialization, will thus appear as follows: Then, for example, the data in the EEPROM, after patient data has been collected, will appear as follows: This data is the "historical patient data" in a preferred embodiment, although other data may of course be col lected.
After manufacture of the catheter assembly of the invention, the memory 102 may be accessed by an appro priate device to determine if the code stored in the memory 102 is the proper code. If this code is not the proper code, then it is known that the catheter assembly being checked is faulty or is an unauthorized copy. The tester then may choose to render the tested catheter non-functional or tem porarily or permanently inoperative through any of a variety of means. In this manner, a mechanism is provided to insure that the catheter assembly being used is not an imitation catheter and to prevent such a catheter assembly from being inserted into the patient and connected to the monitor.
As described above, the information in the memory 102 is accessible and changeable by the external computing, calculation, display, or monitoring means in the field during clinical use. However, before the catheter memory 102 leaves the factory, some of information is preferably written to the catheter memory 102 including catheter and/or trans ducer test, calibration, or date information.
Although an exemplary embodiment of the invention has been described in detail above, those skilled in the art will readily appreciate that many additional modifications are possible in the exemplary embodiment without materially departing from the novel teachings and advantages of the invention. For example, the memory 102 may have a small battery backup located on the connector 300 with the memory chip. Also, the memory 102 may be of any desired size and may be read only or read/write memory. In addition, the memory may be used alone or in combination with a variety of other components such as multiplexers, capacitors, resistors, operational amplifiers and the like and may be used in non-catheter applications such as pulse oximeters, transcutaneous oxygen electrodes and the like. The memory 102 also may be combined directly with other electronic components such as amplifiers, resistors, capacitors, inductors, other memory units, multiplexers, shift registers, batteries, and the like and further may be combined either directly or through the connector leads to any or all catheter transducers. Furthermore, the memory 102 may reside on a removable sensor probe thatfits within alumen of the catheter or may be included in the catheter or connector in such a way that it is accessible not directly by the external processing system but rather by means of one of the internal transducers.
Accordingly, all such modifications are intended to be included within the scope of this invention as defined in the following claims. 14 (ii) a memory which resides at a predetermined location on or about said catheter, said memory storing ther modilution information comprising (a) heating filament calibration information, said heat ing filament calibration information comprising (1) heating filament electrical resistance of said heating filament at a given temperature, (2) heating filament heat transfer efficiency of said heating filament, and (3) heating filament temperature coefficient of resis tance of said heating filament. 2. The thermodilution catheter assembly of claim 1, wherein said thermodilution information further comprises (b) a proprietary code, said heating filament calibration information that is stored in said memory is stored in said memory as encoded heating filament calibration information in an encoded form that is based upon said proprietary code such that said encoded heating filament calibration information can be decoded using said proprietary code, and said catheter is adapted so that said memory is readable and decodable by the external processing system. 3. The thermodilution catheter assembly of claim 2, wherein said memory stores said proprietary code in the form of a proprietary binary code, said catheter and said memory being adapted so that said proprietary binary code is accessible by the external processing system and said proprietary binary code and said encoded heating filament calibration information are interrelated so that said encoded heating filament calibration information is decodable using said proprietary binary code, by the external processing system. 4. The thermodilution catheter assembly of claim 1, wherein said predetermined location is within said catheter.
5. The thermodilution catheter assembly of claim 1, wherein said predetermined location is adjacent said heating filament.
6. The thermodilution catheter assembly of claim 1, wherein said catheter assembly has a proximal end and a distal end, said catheter assembly further comprising (iii) a connector at said proximal end of said catheter assembly, said connector being electrically con nected to said heating filament, said connector being adapted to connect to the external processing system so that said heating filament can communicate with the external processing system, and wherein said predetermined location is at said connector.
7. The thermodilution catheter assembly of claim 6, wherein said connector comprises electrical leads which are connected to said memory, said electrical leads and said connector are functionally interrelated to enable access through said connector via said electrical leads to said encoded heating filament calibration information and said proprietary code that are stored in said memory.
8. The thermodilution catheter assembly of claim 7, wherein said connector is functionally interrelated to said memory via said electrical leads and said connector is structured so that thermodilution infor mation can be written into said memory via said leads by electrical signals received by said connector while said connector receives thermodilution signals from said catheter, thereby enabling in vivo calibration. 5,720,293 15 9. The thermodilution catheter assembly of claim 1, wherein said catheter assembly further comprises one of a thermistor and a thermocouple mounted on said catheter for measuring temperature changes in the patient's bloodstream caused by heat generated in said heating filament.
10. The thermodilution catheter assembly of claim 9, wherein said heating filament is adapted to supply thermal energy to the patient's bloodstream and the thermistor or thermocouple is adapted to measure the effects of thermal energy supplied to the patient's bloodstream, for use by the external processing system to calculate one of blood flow of the patient and cardiac output of the patient. 11. A thermodilution catheter assembly system for calcu lating a patient's cardiac output, comprising:
(A) a catheter assembly comprising (i) a catheter adapted to be inserted into the patient's bloodstream, said catheter having a heating filament made of a thin, flexible material having a tempera ture coefficient of resistance of at least 0.001 ohms per ohm-degree centigrade; (ii) a memory which resides at a predetermined location on or about said catheter, said memory storing encoded thermodilution information comprising (a) heating filament calibration information, said heating filament calibration information compris ling (1) heating filament electrical resistance of said heating filament at a given temperature, (2) heating filament heat transfer efficiency of said heating filament, and (3) heating filament temperature coefficient of resistance of said heating filament; and (B) an external processing system which is connectable to said catheter assembly so that the external processing system can communicate with said memory and said heating filament, said external processing system com prising (i) means for decoding said encoded heating filament calibration information stored in said memory for generating decoded heating filament calibration information and
(ii) means for calculating cardiac output using said decoded heating filament calibration information.
12. The the modilution catheter assembly system of claim 11, wherein said catheter assembly further comprises:
(iii) means, mounted to said catheter and coupled to said external processing system, for measuring resistance of said heating filament and said catheter assembly system further comprises (C) means, coupled to said external processing system and said heating filament, for controlling the tem perature of said heating filament based upon said resistance of said heating filament and the decoded calibration information.
13. The thermodilution catheter assembly system of claim 12 wherein said means for controlling the temperature includes means for reducing electrical power transmitted to said heating filament when the resistance of said heating filament exceeds a predetermined resistance value.
14. The thermodilution catheter assembly system of claim 11, further comprising a battery located in proximity of said memory for providing power to said memory when said memory is not connected to said external processing system. 17. The thermodilution catheter assembly system of claim 11, wherein said catheter assembly has a distal end and a proximal end, and said catheter assembly further comprising (iii) an electrical connector electrically connected to said heating filament and at said proximal end of said catheter assembly for enabling said heating filament to communicate with said external processing system, wherein said predetermined location is at said connector.
18. The thermodilution catheter assembly system of claim 17, wherein said connector comprises electrical leads which are elec trically connected to said memory and said connector and said memory are functionally interre lated by said electrical leads to enable access to said encoded thermodilution information stored in said memory by said external processing system. 19. The thermodilution catheter assembly system of claim 18, wherein said electrical leads are electrically connected to said memory such that said external processing system can write calibration information for either said patient or said heating filament to said memory, for in vivo calibration.
20. The thermodilution catheter assembly system of claim 11, wherein said catheter assembly further comprises one of a thermistor and a thermocouple for measuring temperature changes in the patient's bloodstream caused by heat gener ated in said heating filament.
21. The thermodilution catheter assembly system of claim 20, wherein said heating filament is adapted to supply thermal energy to the patient's bloodstream and the thermistor or thermocouple is adapted to measure the effects of the thermal energy supplied to the patient's bloodstream by heat generated in said heating filament, said external processing system is adapted to calculate one of blood flow and cardiac output of said patient based upon measurements by said thermistor or ther mocouple of said effects of the thermal energy supplied to the patient's bloodstream. 22. Athermodilution catheter assembly system for calcu lating a patient's cardiac output, comprising:
(A) a catheter assembly having a distal end and a proximal end and comprising (i) a catheter adapted to be inserted into the patient's bloodstream, said catheter having a heating filament made of a thin, flexible material having a tempera ture coefficient of resistance of at least 0.001 ohms per ohm-degree centigrade; and (ii) a memory which resides at a predetermined location on or about said catheter, said memory storing encoded thermodilution information comprising (a) heating filament calibration information, said heating filament calibration information compris 1ng
(1) heating filament electrical resistance of said heating filament at a given temperature, (2) heating filament heat transfer efficiency of said heating filament, and (3) heating filament temperature coefficient of resistance of said heating filament; (b) patient specific information; (iii) an electrical connector electrically connected to said heating filament and at said proximal end of said catheter assembly for enabling said heating filament to communicate with said external processing system, wherein said predetermined location is at said connector and said connector comprises electri cal leads which are electrically connected to said memory and (B) an external processing system which is connectable to said catheter assembly so that the external processing system can communicate with said memory and said heating filament, said external processing system com prising: (i) means for decoding said encoded heating filament calibration information stored in said memory for generating decoded heating filament calibration information and
(ii) means for calculating cardiac output using said decoded heating filament calibration information; (iii) means for displaying said patient specific informa tion as trending data; wherein: (i) said connector and said memory are functionally interrelated by said electrical leads to enable access to said encoded thermodilution information stored in said memory by said external processing system and system of claim 18, (ii) said external processing system, said connector, and said memory are functionally interrelated so that said external processing system can access said patient specific information that is stored in said memory via said electrical leads.
23. Athermodilution catheter assembly system for calcu lating a patient's cardiac output, comprising:
(A) a catheter assembly comprising (i) a catheter adapted to be inserted into the patient's bloodstream, said catheter having a heating filament made of a thin, flexible material having a tempera ture coefficient of resistance of at least 0.001 ohms per ohm-degree centigrade; and (ii) a memory which resides at a predetermined location on or about said catheter, said memory storing encoded thermodilution information comprising (a) heating filament calibration information, said heating filament calibration information compris 1ng (2) heating filament electrical resistance of said heating filament at a given temperature, (2) heating filament heat transfer efficiency of said heating filament, and (3) heating filament temperature coefficient of resistance of said heating filament and (B) an external processing system which is connectable to said catheter assembly so that the external processing system can communicate with said memory and said heating filament, said external processing system com prising (i) means for decoding said encoded heating filament calibration information stored in said memory for (B) an external processing system adapted to communi cate with said memory to read said thermodilution information and to communicate with said heating filament to determine resistance of said heating fila ment; and wherein said external processing system and said operation information, in combination, comprise means for calculating the patient's cardiac output by processing said thermodilution information. 33. The thermodilution catheter assembly system of claim 32, wherein said operation information comprises informa tion for controlling processing of said thermodilution infor mation.
34. The thermodilution catheter assembly system of claim 32, wherein said operation information comprises informa tion for controlling processing of said thermodilution infor mation to verify, correct, or modify said thermodilution information.
35. Athermodilution catheter assembly for providing data to an external processing system for calculating a patient's cardiac output, comprising:
(i) a catheter adapted to be inserted into a patient's bloodstream, said catheter having a heating filament made of a thin, flexible material having a temperature coefficient of resistance of at least 0.001 ohms per ohm-degree centigrade; (ii) means, mounted to said catheter, for measuring data relating to cardiac output; and (iii) a memory which resides at a predetermined location on or about said catheter, said memory storing opera 20 tion information for controlling calculation of the patient's cardiac output based upon data including said data relating to cardiac output that is measured by said means for measuring, said operation information com 5 prising at least one of
(1) a computer program, 57. The thermodilution catheter system of claim 56, wherein said temperature coefficient of resistance is at least 0.001 ohms per ohm-degree centigrade.
58. The thermodilution catheter system of claim 55. wherein said heating filament calibration information stored in said memory comprises the heating filament heat transfer efficiency of said heating filament.
59. The thermodilution catheter system of claim 57, wherein said temperature coefficient of resistance is at least 0.001 ohms per ohm-degree centigrade.
60. The thermodilution catheter system of claim 55, wherein said heating filament calibration information stored in said memory comprises the heating filament temperature coefficient of resistance of said heating filament.
61. The thermodilution catheter system of claim 58, wherein said temperature coefficient of resistance is at least 0.001 ohms per ohm-degree centigrade.
62. The thermodilution catheter system of claim 55, wherein said thermodilution information further comprises patient specific information.
63. The thermodilution catheter system of claim 55, wherein said memory further stores at least one of a com puter program, a computer program segment, and a software Subroutine. 64. The thermodilution catheter system of claim 63, wherein said at least one of a computer program, a computer program segment, and a software subroutine can be used to verify, correct, or modify processing of said thermodilution information.
